Abstract. The present study tests whether age at onset of total blindness and the proportion of life-time without visual experience affect the haptic processing and recognition of tactile pictures in a sample of 20 totally blind adults. We also examine the type of mental strategy (visual, non-visual) used to perform the haptic recognition task. The results indicate that haptic processing of nonfigurative tactile pictures may be efficiently achieved with different levels of visual experience and different strategies in totally blind adults. Interestingly, they also reveal interplays between strategy and the proportion of life-time without visual experience.
Introduction
Our sense of haptics may be mobilized to retrieve useful spatial information from raised-line pictures. These 'tactile pictures' [1] have a potentially high utility for blind people since they can use them to retrieve information about objects, places, spaces, and shapes [2] . Different types of tactile pictures have been designed and tested experimentally with blind adults, including figurative raised-line drawings (see [3] for a review), tactile maps [4] and diagrams [5] , and tactile shapes and patterns [6] . A recurrent but not systematic finding showed that late blind subjects often outperformed early blind adults in tactile picture perception tasks [7] . This finding pertains to the current debate about the role of visual experience and visual imagery in tactile picture perception. This debate disputes two theories on haptic raised-line pictures identification. The theory founded by Lederman and co-workers [8] assumes that raised-line drawing identification is achieved via visual imagery. In contrast, Kennedy [2] argues that picture identification by touch is possible without visual experience and visual imagery, despite being difficult.
In the present study, we asked a sample of 20 totally blind adults to haptically explore non-figurative raised-line pictures, and to decide whether pictures in a pair were similar or different (delayed haptic recognition task). Non-figurative pictures were preferred to figurative drawings which may impose additional difficulties to blind subjects who are not familiar with visual drawing conventions [8, 9] . We examined whether the haptic processing of non-figurative tactile pictures varies according to age at onset of blindness (AOB) and the proportion of life-time without visual experience (P). Both parameters may offer a much more precise view of inter-individual differences in tactile picture processing than the usual binary classification into early and late blind groups. We reasoned that if visual imagery and visual experience facilitate the processing of tactile pictures -as predicted by Lederman's theory [8] -haptic recognition performance should be positively correlated with age at onset of total blindness, and negatively correlated with the proportion of life-time without visual experience. Indeed, age at onset of blindness and the proportion of life-time without visual experience may constrain the mental strategy (visual or non-visual) used by blind adults to perform the haptic recognition task. Haptic recognition performance may be lower in blind adults who used non-visual strategies compared to those who relied on a visual imagery strategy.
Method

Participants
The volunteers were 20 totally blind adults (9 women; 11 men; mean chronological age: 37 years, SD: 13). Aetiology of total blindness included retinitis pigmentosa (3), retrolental fibroplasia (4), retinoblastoma (2), infectious disease (4), optic atrophy (1), glaucoma (4), retinal detachment (1), and accident (1) . None of the participants suffered from a known neurological dysfunction in association with their visual impairment. The age at onset of total blindness varied from 0 to 25 years. Proportion of life-time without visual experience (P) was calculated for each participant as follows:
with CA = chronological age, and AOB = age at onset of blindness. A ratio of 0.10 indicates that the person had spent 10% of his/her life without visual experience. The observed ratio varied from 0.22 to 1.
Material
The stimuli consisted of 40 non-figurative raised-line pictures (size: 20 cm length) made from a combination of 6 segments (2 horizontal, 2 vertical, and 2 oblique . Each single stimulus was printed on a Swell paper and heated so that the trace got embossed (1 mm height). Two series of 10 pairs of stimuli were used. Each series included 5 identical and 5 different pairs. Fig. 1 shows an example of the identical and different pairs used in the haptic recognition task.
Procedure
The haptic recognition task involved two series of 10 test trials each, plus two additional training trials. For each trial, participants first explored a tactile picture from top (starting with the circle) to bottom, using the index finger of their dominant hand.
Once the picture was fully explored, participants lifted their finger for a 5 sec (retention) delay. Afterwards, they had to explore a second picture using the same procedure as the one described above. The task was then to decide whether the second picture was similar to or different from the first one. The presentation order of the two series of trials was counterbalanced across participants. At the end of the session, the experimenter interviewed the participants in order to determine the mental strategy (visual or non-visual) they had employed to encode and memorize the tactile pictures. A free-answer method was employed following the mirror technique used by Cornoldi et al. [10] . Although the procedure of self-report is not exempt from bias due to its subjective (introspective) components, such a procedure has successfully been used in previous research studies including blind individuals (see [10, 11] ).
Results
Scores for hits (correct recognitions) and false alarms (i.e. reporting identical when the stimuli were different) were computed for each participant. Haptic recognition performance was measured by the index of discriminability A', which is used in signal detection theory [12] . It was computed according to Grier's formula [12] :
where y stood for the probability of a hit and x corresponded to the probability of a false alarm. This index ranges from 0 to 1, with 0.5 indicating responses at chance level, and 1 indicating maximum discriminability. The results (see Fig. 2 ) showed that blind participants were quite successful at the haptic recognition task (mean discriminability = 0.78, SD = 0.16). Linear correlation analyses indicated that haptic recognition performance was not significantly related to the participants' age at onset of blindness (r = 0.32, p >0.05; see Fig. 2A ), nor to the proportion of life-time without visual experience (r = -0.40, p >0.05; see Fig. 2B ). Blind participants mostly used non-visual strategies (65%), and a minority had recourse to a visual imagery strategy (35%) to deal with the haptic recognition task. Non-visual strategies included spatial, kinesthetic, and/or verbal coding of the tactile information. Among the 13 blind subjects using non-visual strategies, 5 used spatial coding, 2 used spatial and kinesthetic coding, 2 used spatial and verbal coding, 2 used verbal coding, and 2 used kinesthetic coding. Strategy (visual versus non-visual) was not significantly related to haptic recognition performance (r = 0.37, p >0.05). However, strategy significantly correlated both with the participants' age at onset of blindness (r = 0.86, p <0.05), and the proportion of life-time without visual experience (r = -0.84, p <0.05). Closer look at the data (see Fig. 2A and Fig. 2B ) revealed that participants who used a visual imagery strategy had a significantly higher mean age at onset of blindness (mean = 17 years, SD = 5) than participants using non-visual strategies (mean = 3 years, SD = 3) (Man-Whitney test [13] , p <0.05). Conversely, participants who used a visual imagery strategy have spent a significantly lower proportion of their life-time without visual experience (mean = 0.51, SD = 0.15) than participants who used non-visual strategies (mean = 0.90, SD = 0.10) (Man-Whitney test, p <0.05).
Discussion
Contrary to our hypothesis, the present study showed that haptic recognition performance does not depend on age at onset of blindness or on the proportion of life-time without visual experience. This finding is quite surprising because previous studies have shown differences between early and late blind subjects in tactile picture recognition tasks [7, 3] . Our study also shows that haptic recognition performance does not depend on the strategy (visual or non-visual) used by blind subjects. This result is in line with [11] who observed that early and late blind as well as sighted individuals reached similar performance although they used different strategies. Visual and nonvisual strategy may be equally effective in facilitating recognition of the tactile pictures as well as equally ineffectual. In future studies, the reliability of mental strategies obtained with self-report procedures might be tested using additional techniques, such as interference techniques. Interestingly, our data show that the strategy used to encode the tactile pictures highly depends on age at onset of blindness and on the proportion of life-time without visual experience. Previous reports have shown that mental imagery varies according to age at onset of blindness [14, 15] . Our study is the first study to reveal the precise interplay between strategy use and the proportion of life-time without visual experience, a parameter (P) that is worth assessing and/or controlling in studies involving totally blind participants.
Illustrating this interplay, the set of black diamonds on the right side of Fig. 2B corresponds to a group of blind subjects that had a very short visual experience (less than 10% of lifetime). These subjects exclusively used non-visual strategies to encode and recognize the tactile pictures and reached a good level of performance. A possible explanation of this result is childhood amnesia, a period of life (0-3 years) during which experience, including visual experience, affects behavior but cannot be brought to conscious memory later. The worse haptic recognition performance (0.42) corresponds to a 39 years old woman who became blind at 5 years of age. In spite of having a very short visual experience (ratio of 0.87, white square on the right side of Fig.  2B ), she persisted in using a visual imagery strategy to fulfill the task but get low scores. Conversely, a 23 years old subject who was blind at the age of 18 years old (ratio of 0.22, black diamond on the left side of Fig. 2B ) reached a very good performance (0.93), though relying on non-visual strategies. Interestingly, this latter subject knew she will inevitably get blind and may have voluntarily developed nonvisual strategies to subserve haptic recognition.
Altogether these results showed that subjects who spent 40 to 80% of their lifetime without visual experience are able to encode and recognize simple tactile pictures, regardless of the strategy (visual or non-visual) they use. When the proportion of nonvisual experience is important (more than 90%), blind subjects tend to rely on nonvisual strategies to encode and recognize the tactile pictures. The presence of only one late blind with a Recent Loss of Sight (RLS) in our study prevents us from concluding about the type of mental strategy these specific subjects use for haptic recognition. Future and complementary work could test a substantial sample of late blind with RLS (i.e. 0% to 20% of non-visual experience) in order to assess whether: 1/ like our unique subject who was suffering a degenerative disease, they actively and quickly develop non-visual strategies to compensate for inevitable loss of vision; or 2/ on the contrary, when they suffered an unexpected loss of vision (i.e. by accident), they preferentially rely on a visual imagery strategy.
